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VIRAL AGENT ASSOCIATED WITH MYSTERY SWINE DISEASE 



5 Background of the Invention 

1. Field of the Invention 

The present invention pertains to the field of immunology and 
virology and, more particularly, to a vaccine derived from a pathogenic viral 
isolate. More specifically, the pathogenic form of the virus is modified or 
10 attenuated to an avirulent form according to methods of producing the vaccine 
for use against a devastating new swine disease. 

2. Description of the Prior Art 

A new swine disease, variously referred to as "mystery swine 
disease", "swine infertility and respiratory syndrome", "blue ear disease", or 

15 "porcine reproductive and respiratory syndrome" (PRRS) is causing heavy 
losses in breeding herds of the United States and Canada. A similar disease 
has also appeared in much of Europe. The disease is manifested in two forms, 
one causing reproductive failure and the other producing respiratory distress 
in young pigs. The reproductive form of the disease is described by Keffaber, 

20 K. K., "Reproductive Failure of Unknown Etiology", American Association of 
Swine Practitioners Newsletter, 1:109 (1989). 

The most prominent clinical symptoms of the reproductive form 
of the disease are spontaneous late-term abortions, premature births (which 
can be as high as 20-30% of all births) and the farrowing of mummified fetuses, 

25 stillbirth or sickly piglets. Such clinical symptoms will typically be observed in 
a herd from 4-16 weeks, or even longer. Stillborn fetuses in affected litters 
often are in the early stages of mummification, as evidenced by tan-brown 
discoloration of the skin and post-mortem autolysis. Dome-shaped malforma- 
tions of fetal skulls is also sometimes seen. The infection of sows may go 

30 unnoticed, or may manifest itself by an impaired general condition lasting up 
to a few days. For example, the sows may go off feed, and experience body 
temperatures either above or below normal. In the farrowing phase, the sows 
may exhibit depression, lethargy, phyrexia and occasional vomiting. In some 
affected herds, up to 75% of all piglets may be lost. The economic conse- 

35 quences of the disease, accordingly, are devastating. 
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The respiratory form of the disease exhibits clinical signs which 
are most pronounced in piglets of 3-8 weeks in age, but are reported to occur 
in pigs of all ages in infected herds. The diseased piglets grow slowly, have 
roughened hair coats, respiratory distress ("thumping") and increased mortality 
5 (up to about 80% pre-weaning mortality). 

Findings in preliminary studies of gross and microscopic lesions 
of piglets affected with the respiratory form of the disease suggest that 
microscopic lung lesions are an important clinical feature of this disease. 
Despite pronounced respiratory symptoms of disease, lungs that appear 
10 uncomplicated by secondary bacterial infection are either grossly normal or 
have a mild, diffused tan-gray discoloration of the lung surface. Nevertheless, 
a microscopic examination of the lung tissue of PRRS-diseased piglets reveals 
a characteristic pattern of interstitial pneumonitis, per Collins, J. E. et al., 
"Respiratory Disease in a Swine Herd Experiencing a Reproductive Failure 
15 Syndrome", Proceedings, Minnesota Swine Conference for Veterinarians, p. 
254, St. Paul, MN (September 10-18, 1990). 

Accordingly, there is a real need in the art for an effective vaccine 
which can eliminate or at least ameliorate the effects of PRRS. 

20 Summary of the Invention 

The present invention overcomes the problems outlined above by 
providing a vaccine that effectively reduces or prevents the disease caused by 
PRRS virus in swine. 

Broadly speaking, the invention includes a biologically or virally 

25 pure culture of PRRS virus together with all mutants thereof and methods of 
producing and using these virions. The wild-type virus is capable of causing 
PRRS in swine, but modified forms of the virus, or non-pathogenic mutants 
thereof, provide an effective vaccine against this disease. The vaccine 
preferably includes a live modified or attenuated virus and a pharmaceutical^ 

30 effective carrier agent. . The modified virus is preferably propagated and 
maintained in a simian kidney cell line, and this cell line is most preferably MA- 
104 which is African Green Monkey Kidney cells passed twenty or more times. 

A pathogenic viral agent was recovered from the tissue 
homogenate of an infected pig, and confirmed by causing PRRS disease in 

35 numerous piglets and pregnant sows. A deposit of the isolated viral agent was 
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made on July 18, 1991 , with the American Type Culture Collection in Rockville, 
Maryland under the accession number ATCC-VR2332. The viral agent is a 
fastidious, non-hemagglutinating enveloped RNA virus. 

The wild-type virus is preferably modified to a substantially 
5 avirulent form by inoculating the virus on a full or partial sheet of simian cells 
in the presence of serum in a suitable growth medium; incubating the 
inoculated cell sheet at a temperature from about 35 °C to about 37 °C until a 
cytopathic effect is observed and repeatedly passaging the virus through the 
simian cell line on maintenance medium in the presence of serum and under 

10 appropriate passaging conditions. 

The vaccine includes a carrier agent, such as sucrose gelatin 
stabilizer, which is mixed with a live modified virus that is produced as 
described above. The vaccine is preferably used to prevent PRRS by 
immunizing swine via the local (upper mucosal) route or parenteral route of 

1 5 vaccination. The immunized swine typically remain free of disease symptoms 
subsequent to being challenged with the wild-type virus. 

The vaccine may be produced in commercial quantities by a 
process including the steps of preparing expansion cultures of a simian cell 
line; preparing production cultures by infecting the expansion cultures with an 

20 attenuated virus; harvesting the production cultures; stabilizing and lyophilizing 
the virus. 

Brief Description of the Drawing 

Figure 1 is a process schematic diagram for use in making 
25 commercial quantities of the PRRS vaccine. 

Detailed Pescriptipn Qf the Preferred Embodiment 

The following non-limiting examples set forth preferred methods 
and materials for use in practicing the present invention. 
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Exgmple 1 

Isolation. Ide ntification and Attenuation of the PRRS Vims, and Production of 
a Modified Live Vaccine 

A. Isolation and Identification 
5 A tissue homogenate was obtained from piglets in PRRS-infected 

herds. This homogenate consistently reproduced the respiratory and 
reproductive forms of PRRS when intranasally inoculated in gnotobiotic piglets 
and pregnant sows. Gnotobiotic piglets so inoculated with either unfiltered or 
filtered (0.45, 0.22, or 0.1^m) inoculum became anorectic and developed 

10 microscopic lung lesions similar to lesions seen in PRRS-affected herds. The 
same inoculum also caused reproductive failures identical to those seen in 
PRRS-infected herds. 

The tissue homogenates from which the virus was isolated 
included lung tissue (Group 1) and combined brain-spleen-liver-kidney tissues 

15 (Group 2) obtained from an infected piglet in a PRRS-infected herd. The 
separate homogenate groups were each centrifuged at 4000 Xg for 25 
minutes. The resultant supernatant was collected and filtered using a 0.45 
micron sterile syringe filter. The filtered supernatants were then combined. 
One ml of the combined filtered supernatant was used as inoculum to infect 

20 each of the respective cell lines as described below. 

The filtered supernatant was added to a growth media including 
a cell line as described below, modified Eagle's medium ("MEM") from JRH 
Biosciences and gentamicin at about 100 //g per ml. 

Two tests were conducted for each cell line using 75 ml plastic 

25 bottles. In Test Number 1, the filtered supernatant was inoculated into two 
bottles each having a full cell sheet of each of the cell lines listed below. 
Additionally, about 2.5 mg of trypsin was added to this first bottle. All other 
remaining conditions were the same for each culture bottle. 

In Test Number 2, the combined tissue homogenate material was 

30 inoculated into bottles containing the same cell lines as used in Test Number 
1; however, the cell sheets were only 20-40% confluent at the time of 
inoculation. The media additionally contained about 10% fetal calf serum, 
which was not present in the media of Test 1. The inoculum was again 
administered in an amount of about 1 ml, and the cultures were incubated at 

35 about 34°C for approximately seven days. 
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All of the bottles were incubated for about seven days at 
approximately 34°C. The results were recorded at the end of about seven 
days. After freezing and thawing, a sample was taken for a second passage 
in the same cell line. The remaining material was frozen in liquid nitrogen and 
stored at about -60°C. The results of both Test Number 1 and Test Number 
2 are summarized below in Table 1 : 

Table 1 

Testing Cell Lines for Viral Host 
Cell Line Used ~~ ~" Test Number 1 Test Number 2 



15 Bovine Turbinate (BT) 

Feline Kidney (CRFK) - - 

Monkey (Vero) Kidney - - 

Monkey (Vero) Lung 

Canine Kidney (MDCK) 
20 Porcine (PK^) Kidney 

Mink Lung - 

Ferret Lung - - 

Bovine Lung 

Buffalo Lung - - 

25 Bovine Kidney (MDBK) 

Swine Testicle (ST) - - 

Monkey Kidney (MA-1 04) - + 

Human Rectal Tumor (HRT-18) - NT 
Human Lung NT 



+ = CPE Effect 

= No CPE Effect 
NT = Not Tested 



No cytopathic effect ("CPE") was observed in Test Number 1 in 
any of the cell lines evaluated. In Test Number 2, however, small clumps of 
MA-1 04 cells began to swell and form "weak holes" in the monolayer around 
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the edges of the bottle. Fluid was separated from the bottle, and passed into 
a new bottle of MA-104 cells (again 2CM0% cell sheet), and then subsequently 
passed a third time. This apparent CPE became stronger with each passage. 
Passage 3 retained its virulence. This passage was deposited with the 
American Type Culture Collection in Rockville, Maryland under Accession No. 
ATCC-VR2332. 

The ATCC-VR2332 virus consistently causes clinical PRRS 
symptomology, pulmonary lesions in gnotobiotic pigs, and positive ImF results. 
Thus, the ATCC-VR2332 virus may represent an unidentified genus of the 
Togaviridae: ATCC-VR2332 virus is also not a known pathogen of swine, 
because specific antisera to several common viral pathogens of swine failed 
to either neutralize the virus or detect antigens in infected cells. 

The ATCC-VR2332 virus is a fastidious non-hemagglutinating 
enveloped RNA virus. The ATCC-VR2332 virus grows in a continuous cell line, 
specifically MA-104 and other simian cell lines. The ATCC-VR2332 virus grows 
to high titers (10 7 TCID 50 /1 ml) on the commercial cell line MA-104. 

The ATCC-VR2332 virus contains a lipid envelope as indicated 
by the loss of infectivity following treatment with chloroform, A lipid envelope 
could also be visualized as an electron translucent ring surrounding the empty 
particles. The morphology of the PRRS virus is not distinctive on direct 
electron microscopy (DEM) and would be extremely difficult to identify in 
preparations containing cellular debris. The morphology of the gradient-purified 
ATCC-VR2332 particles and the average diameter of 62 nm are very similar to 
virions of equine Arteritis and lactic dehydrogenase viruses. 

The equine Arteritis virus has a reported size range of 50-73 nm, 
which is similar to the 48-84 nm size for the ATCC-VR2332 virus. 30-35 nm 
cores in several particles of ATCC-VR2332 were observed, which cores 
resemble the nucleocapsid cores described for equine Arteritis virus. Thus, 
morphologically, ATCC-VR2332 most closely resembles the Arteritis virus 
group. 

The presence of an RNA genome in ATCC-VR2332 was 
confirmed by the ability of this virus to continue to replicate in the presence of 
5-bromo-2 deoxyuridine and mitomycin C, which are known to inhibit the 
replication of DNA and one family of RNA viruses (Retroviridae), but not other 
RNA viruses. Nevertheless, the provisional classification of ATCC-VR2332 



WO 96/36356 



PCT/US96/06800 



virus as an RNA virus agrees with the observation that this virus replicates in 
the cytoplasm of the cell as indicated by the presence of virus antigens 
detected by ImF. Also, Actinomycin D, which interferes with DNA-dependent 
RNA transition, has no effect on the replication of the ATCC-VR2332 virus. 
5 These results indicate that ATCG-VR2332 virus does not require nuclear 
functions for replication. 

In summary, the size, morphology, presence of an RNA genome, 
and other biologic properties tentatively place ATCC-VR2332 virus in the family 
Togaviridae. ATCC-VR2332, however, could not definitely be placed in a 
1 0 known genera of this family. Although, morphologically, ATCC-VR2332 virus 
closely resembles the arteriviruses, the virus should not be placed in a definite 
genera until additional information on the RNA and protein structure are 
available. 

B, Attenuation 

15 The harvest from VR2332 passage 3 was subjected to two 

additional passages described in detail below, and the harvest from passage 
5 was sent to an outside laboratory for purification. Specifically, the ATCC- 
VR2332 virions were identified after purification in CsCI gradients (centrifuged 
at 200,000 Xg) following extraction with 1,1,2-trichloro-trifluoroethane. The 

20 purified virions were labeled with an immuno-gold kit utilizing anti-ATCC-VR 

2332 hyperimmune sera and gold conjugate. The buoyant density of the 
ATCC-VR2332 virions in the CsCI gradients was 1.18-1.19 g/ml. Sucrose 
gradients consistently resulted in loss of virus titer and were abandoned as a 
suitable gradient for purification. 

25 The purified passage 5 harvest was thereafter subjected to an 

additional 65 passages as detailed below. The resultant harvest from passage 
70 was attenuated and was designated as the Master Seed Culture. This 
avirulent Master Seed Culture was deposited with the American Type Culture 
Collection under Accession No. ATCC VR-2495. Finally, an additional 5 

30 passages were conducted to obtain ATCC VR-2332 passage 75 (additional 
passages could also be conducted if desired). 

Passages 4-75 of the ATCC VR2332 virus were conducted in a 
host tissue culture stock of commercially available MA-104 Green Monkey 
kidney cell line. This tissue culture stock was prepared as follows. A growth 

35 medium was prepared to include a mixture of Eagles Minimum Essential 
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Medium ("MEM") from JRH Biosciences (catalog #200-2041), and 10% fetal 
calf serum from JRH Biosciences. About 1 ml of ATCC-VR2332 inoculum was 
added to a 75 cubic centimeter bottle containing 50 ml of this growth medium. 
The bottle was held for about 7 days and incubated at a temperature ranging 
5 from about 35°C to about 37°C. 

Tissue culture stock bottles were prepared by expanding the 
resultant incubated culture, which was split 1 :4 in the following manner. The 
growth media, which had a volume of about 50 ml, was decanted. The cell 
sheet was removed by adding 10 ml of trypsin-versene 1X, and incubating at 

10 37°C for 5-1 0 minutes. Subsequently, the cells were removed from the bottle 
and centrifuged at 270 Xg for 5-10 minutes. The supernatant was decanted 
and the pellet was resuspended in 5-10 ml of MEM media including 10% fetal 
calf serum as before. The cells were placed into 200 ml of growth media, 
which was then subportioned into four 75 ml bottles at 50 ml per bottle, thereby 

15 achieving the 1 :4 split. 

The resultant cultures were maintained at a temperature ranging 
between 35-37°C until they could be used. After about 3 to 4 days of 
incubation, the bottles had developed a full cell-sheet coating, and were ready 
for use. 

20 The PRRS virus ATCC-2332 was propagated in the MA-104 

continuous cell line cultures that were produced as described above. The pH 
of the culture media was adjusted to 7.2, and the cultures were incubated at a 
temperature ranging from about 35°C to 37°C. The virus was inoculated onto 
the MA-1 04 cells by adding about 1 ml of a frozen inoculum from the preceding 

25 passage to the fluid growth media. The virus was allowed to absorb onto the 
cells for 24 hours. 

The growth media was decanted about 24 hours after inoculation 
with the ATCC-VR2332 virus, and the flask was refilled with 50 ml of a 
maintenance media substituting 4% fetal calf serum for the 10% fetal calf 

30 serum content of the growth media. The maintenance media had a pH of 7.6. 
Subsequent to this media changeover, the culture was incubated at a 
temperature of between 35-37°C. The virus was allowed to grow until about 
50-60% of the MA-1 04 cell sheet in the culture was destroyed by the virus. The 
sample was then frozen in liquid nitrogen, and prepared for passage onto 

35 another flask of MA-1 04 cells. 
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The cross-reactivity of passages 3-70 was also demonstrated. 
The PRRS VR-2332 passage 3 virus was used to immunize swine, rabbits and 
goats to produce anti-sera to PRRS. The serum was used to neutralize PRRS 
virus at various passage levels from passage 3 through passage 70. In 
5 addition, two monoclonal antibodies (SDOW-12 and SDOW-17) were prepared 
using spleenic lymphocytes from mice immunized with VR-2332 PRRS virus. 
The monoclonal antibodies were show to react against all U.S. and European 
isolates of PRRS as of December, 1992. The monoclonal antibodies were 
used to identify or detect PRRS virus passages 3-70, 

10 C. Production of Modified Live Vaccine 

Two vaccine preparations were formulated incorporating, 
respectively, the Master Seed Culture (the harvest from ATCC VR-2332, 
passage 70) and the harvest from ATCC VR-2332, passage 75. The Master 
Seed Culture virus and the passage 75 virus are substantially avirulent i.e., the 

15 vaccines when administered to swine or other mammals prone to PRRS 
contacts, fails to cause clinical signs of PRRS disease, but is capable of 
inducing an immune response that immunizes the animal against pathogenic 
forms of the PRRS virus. The vaccine was produced by conventional means. 
Normal stabilizers and carriers were added prior to lyophilization. 

20 

Example 2 
in vivo Testing of the Viral Isolate 
The virulent third passage harvest of the ATCC-VR2332 virus 
from Example 1 was used to inoculate two three-day old gnotobiotic piglets. 
25 Both piglets were exposed intranasally, one with 1 ml and the other with 2 ml. 

The piglets were clinically observed for seven days, then were euthanized and 
necropsied. 

Tissue samples were collected from each piglet for histopathy and 
for recovery of the viral agent. The histopathology report confirmed that lung 
30 lesions in the infected piglets were identical to lung lesions from piglets known 
to have PRRS. The tissue samples were processed as in Example 1, and then 
cultured on 20-40% and 100% monolayer of the MA-104 cell line with bovine 
fetal serum. The viral agent was again recovered. 

The third passage viral harvest was also used to inoculate sows 
35 in order to verify that the reproductive effects of the disease can be duplicated 
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and confirmed. Two multiparous sows were inoculated intranasally at about 93 
days of gestation. The sows delivered litters with 50% stillborn piglets (8/13 
and 6/14 stillborn/live) on days 1 12 and 1 14 of gestation, respectively. Seven 
of the stillborn piglets were partial mummies and the liveborn piglets were weak 
5 and failed to nurse vigorously. The viral agent was recovered from tissues of 
the stillborn piglets in the manner of Example 1 . 

The viral agent was recovered from three herds known to have 
PRRS. Antibody titers to the ATCC-VR2332 agent have been identified in 
these same herds. 

10 

Example 3 

The purpose of this study was to determine the minimal protective 
dose of the PRRS virus (VR-2332 passage 75) selected for use as a modified 
live virus vaccine. This was done by analyzing the degree that two selected 

15 vaccine dosages (4.0 ±0.5 logs/dose and 2.0 ±0.5 logs/dose) were able to 
control the onset of abnormal conditions following challenge with virulent PRRS 
virus (VR-2332 passage 3, 3.5 ±0.5 logs/dose) and comparing vaccinated- 
challenged pigs with unvaccinated-challenged and unchallenged (normal) pigs. 
The modified live vaccine was produced using passage 75 virus as explained 

20 previously. 

Sixty-two seronegative piglets were selected for use from the 
source farm and distributed into four study groups, designated groups 1, 2, 3 
and 4. Twenty-one piglets in group 1 were vaccinated with 2.0 ml PRRS 
vaccine L-4 intramuscularly (4.0 logs/dose). Twenty-one piglets in group 2 

25 were vaccinated with 20 ml PRRS vaccine L-2 (2.0 logs/dose). Ten piglets in 
group 3 and ten piglets in group 4 were not vaccinated. The piglets in control 
groups 3 and 4 were housed in separate facilities to insure susceptibility to the 
challenge virus. Groups 1, 2 and 3 were challenged with 2.0 ml PRRS virus 
VR-2332 passage 3 intranasally on trial day 28. The piglets of group 4 were 

30 not challenged. The pigs in all four study groups were observed and monitored 
regularly during the 31 day pre-challenge period and the 21 day post-challenge 
period. Parameters used to evaluate the studies were clinical symptoms, body 
weight, body (rectal) temperature, white blood cell count, virus isolation and 
serology. Efficacy of the vaccine was demonstrated by reducing the number 
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of days the vaccinated pigs were viremic, by preventing leukopenia and fever 
and by maintaining normal growth rate following challenge. 

Body (rectal) temperatures were measured prior to and following 
vaccination. The group average temperatures for group 1 increased on 2 DPV 
5 and 3 DPV while group 2 increased on 3 DPV. The duration of the temperature 
rise for either group was short, 2 days for group 1 and 1 day for group 2. 

Neither of the vaccinated groups experienced a drop in white 
blood cell counts following treatment. Previous studies have indicated that 
exposure to virulent PRRS virus would cause a leukopenia within 72 hours 

10 following exposure. 

The results of measuring weight gain during the post vaccination 
period indicated that the treatment did not adversely affect the performance of 
the vaccinated pigs. During the 29 days following vaccination, the weight gain 
by either of the vaccinated groups was not significantly different at the 

15 confidence level of 0.05 from the weight gain of groups 3 and 4. 

The clinical observations showed little deviation from the norm in 
most categories except for feces and nostrils. Comparing the fecal scores of 
the vaccinated groups with the scores of the combined control groups (groups 
3 and 4) using a two-tailed t-Test showed no significant difference at the 0.05 

20 confidence level. The p value between group 1 and the combined control 
groups was 0.47, while that between group 2 and the combined control group 
was 0.87. Comparison of the nostril scores between group 1 and the combined 
control group had a p value of 0.41 . Only two out of 21 pigs in group 2 were 
observed to have clinical scores for nostrils. The t-Test analysis for the total 

25 individual clinical scores of groups 1 and 2 with those of the combined control 
group showed a p value of 0.53 and 0.74 respectively. These comparisons 
demonstrate the lack of difference between those animals receiving vaccine at 
either dose level and the non-vaccinated controls. 

The results of the virus isolation from blood indicated that 1 00% 

30 (21 out of 21) of group 1 became positive while group 2 had 90% (19 out of 21) 
tested positive. Throughout the post vaccination period, the control groups 3 
and 4 remained negative. The results of the (Immunoperoxidase Test) IPT 
assay provided a similar picture in that 100% of group 1 became serologically 
positive as did 90% of group 2. Both groups remained negative for serum 

35 neutralizing antibodies through 21 DPV. Neutralizing antibody was detected 
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in both groups at 29 DPV (0 DPC-see post challenge results). The control 
groups remained serologically negative by both test procedures up to the time 
of challenge. 

The analysis of the post vaccination observations indicate that 
5 there appears to be no adverse effect resulting from treatment with either 
vaccine dosage used in the study. However, the higher dosage did serologi- 
cally convert all (21 out of 21) pigs while the lower dosage converted 19 out of 
21 pigs or 90%. 

Following challenge with a virulent PRRS virus, the clinical 
10 parameters that were monitored in the vaccinated and non-vaccinated 
challenge groups provided evidence of protection by the two vaccine doses 
tested. The results of testing for viremia provided clear evidence of the benefit 
of the vaccine. The non-vaccinated group (group 3) was 100% viremic on 3 
DPC, 5 DPC and 7 DPC while the incidence of viremia for the same observa- 
15 tion days in group 1 (3.65 logs/dose) and group 2 (1.85 logs/dose) was 15, 5 
and 10% and 30%, 20% and 15% respectively. Also, no virus was recovered 
from blood samples in group 1 after 9 DPC and from group 2 after 13 DPC, 
while 30% of group 3 was still positive on 1 9 DPC. 

The results of monitoring body (rectal) temperatures also provided 
20 evidence of the efficacy of the vaccines. During the 21 day observation period, 
the average temperature of group 3 exceeded 104°F on 5 days. The average 
temperatures of groups 2 and 3 did not exceed 104°F. Furthermore, the 
average temperature of group 3 exceeded 104.5°F on two days, 2 DPC and 
6 DPC. 

25 Following challenge, the results of the white blood cell counts 

showed group 3 experiencing leukopenia that had a 16% drop occurring on 5 
DPC. Neither of the vaccinated groups experienced a drop greater than 6% 
throughout the observation period. 

Monitoring the various treatment groups 1 weight gains during the 
30 21 days following challenge showed that vaccination with either dose level 
maintained a normal growth rate. The two vaccinated groups, 1 and 2 had an 
average percentage weight gain of 74 and 73 respectively. Group 4, the 
normal control animals, had a group average weight increase of 75%. In 
contrast, the group average percentage weight gain in group 3, the non- 
35 vaccinated-challenged controls, was 69%. This was significantly different from 
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groups 1, 2 and 4 at P = 0.009 using a two-tailed t-Test and a confidence level 
of 0.05. 

Although the results of the clinical tests may not be as definitive 
in demonstrating the efficacy, they still illustrate the benefits of the vaccines. 
5 Following challenge, groups 1, 2 and 3 showed a significant increase in the 
incidence of respiratory symptoms. The daily average individual animal score 
for groups 1, 2 and 3 was 0.39, 0.64 and 0.53 respectively. This illustrates the 
benefits of the higher dose (3.65 logs/dose) over the lower dose (1.85 
jogs/dose) and no vaccination. Although fecal observations were dramatic 

10 following challenge, they were not significantly different (using a confidence 
level of 0.05) from the observations following vaccination and prior to 
challenge. Thus, in this experiment the challenge with virulent PRRS virus 
appeared not to have an effect on the lower gastro-intestinal tract. Overall, the 
remaining clinical observations did not exhibit a significant change as a result 

1 5 of the challenge. For the parameters of nostrils and mouth in group 1 , one pig 
had 25% of the total group nostril score and another pig had 94% of the group 
score of the mouth category. Similarly, in group 2, one pig had 22% of the 
group nostril score and another pig had 43% of the group mouth score. 
Overall, the incidence of post challenge clinical observations for these two 

20 parameters was not significantly different from the post vaccination observa- 
tions. Similar conclusions can be drawn about these two clinical parameters 
for group 3. Group 4 remained relatively normal throughout the body. 

At the end of the observation period, all pigs were euthanized and 
the lungs were observed macroscopically for signs of pathological involvement. 

25 Sixty percent (6 out of 10) of group 3 exhibited noticeable involvement In 
comparison, 10% of group 1 and 19% of group 2 appeared to have noticeable 
involvement. When compared to group 4, the normal controls, 80% of group 
1 , 81% of group 2 and 30% of group 3 were described as being not observably 
different 

30 Virus isolation from lung tissues was performed. No virus was 

isolated from lung tissues of group 1 pigs. One sample of the 21 pigs of group 

2 was positive for virus. Virus was isolated from three of ten samples of group 

3 pigs and none from group 4. 

The conclusion drawn from these results is that both dosage 
35 levels (3.65 logs/2.0 ml dose and 1.85 logs/2.0 ml dose) of a modified live 
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PRRS virus vaccine containing VR-2332 passage 75 were efficacious against 
the respiratory disease in 3 to 5 week old pigs that were challenged at 29 DPV 
with virulent PRRS virus. 

This study indicated that the preferred minimal protective dose is 
5 3.65 logs/2.0 ml dose. In several parameters used to evaluate the efficacy of 
the vaccine dosages, such as viremia, clinical respiratory signs, lung pathologi- 
cal involvement and virus isolation from lung tissue, those animals vaccinated 
with the higher dose were better protected. Also 21 out of 21 pigs vaccinated 
with 3.65 logs/dose seroconverted by 21 DPV. In comparison, only 19 out of 
10 21 pigs vaccinated with the lower dose had seroconverted by 29 DPV (ODPC). 

Example 4 

In this example, the duration of immunity using the PRRS 

15 passage 75 modified live vaccine described in Examples 1 and 3 was 
investigated. A fattening pig normally reaches slaughter weight at six months 
of age. In this example, the pigs were vaccinated at approximately 1 month of 
age (4-5 weeks old) and then challenged at 1 10 days post-vaccination. This 
duration of immunity would then cover most of the expected life span of normal 

20 fattening pigs. 

Sixty-two PRRS seronegative piglets were obtained and 
distributed into four study groups, designated Groups 1, 2, 3 and 4. Twenty- 
one pigs in Group 1 were vaccinated with 2.0 ml of PRRS-MLV passage 75 
vaccine having 3.32 logs per dose. Twenty-one pigs of Group 2 were 

25 vaccinated with 2.0 ml of this vaccine having 1 .64 logs per dose. The 1 0 pigs 
in Group 3 and Group 4 were not vaccinated and were housed in separate 
facilities to maintain seronegative status. At the termination of the study 
described in Example 3, the Group 2 pigs for this example were removed from 
the study and euthanized since it was concluded that the minimal protective 

30 dose was 3.68 logs and not 1.87 logs per dose. Groups 1 and 3 were 
challenged intranasally at 110 days post-vaccination (DPV) using VR-2332 
passage 3 virus (3.9 logs/ml). The pigs of Group 4 were not challenged. The 
pigs were monitored for 21 days post challenge (DPC) for clinical symptoms, 
change in body weight, body (rectal) temperature, white blood cell counts, 

35 viremia and serology. Protective immunity at 1 1 0 days post-vaccination was 
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demonstrated by absence of viremia, prevention of leukopenia and fever and 
improved weight gain as compared to challenged non-vaccinated pigs. 

Following vaccination, the vaccinated pigs were monitored for any 
adverse reactions to the vaccine. The parameters that were monitored 
5 included body (rectal) temperature, white blood cell counts, weight gain, clinical 
symptoms, serology and viremia. 

Body (rectal) temperatures were monitored daily from -1 DPV 
through +4 DPV, The analysis of the group averages showed no significant 
increase in the treatment groups 1 temperatures as a result of the vaccine. The 

10 vaccinated pigs of Group 1 experienced a maximum rise of 0.2 °F as compared 
to the pre-vaccination average. 

White blood cell counts were monitored at various time points 
before and following the administration of the vaccines. Group 1 experienced 
a 14% drop when compared to the pre-vaccination average on 4 DPV. All 

15 other decreases in counts for Group 1 remained less than 9%. The remaining 
groups (3 and 4) did not experience any drops in WBC counts greater than 
11% during the post-vaccination observation period. 

The results of the weight gained from 0 DPV through 28 DPV 
were conflicting in that the change in weight by Group 1 was significantly 

20 different from group 4 (P=0.02). There is no explanation for this difference 
since all other parameters that were monitored showed no major differences 
between Group 1 and Group 4. 

Statistical analysis of the post-vaccination clinical scores indicated 
no difference between the vaccinated groups and the non-vaccinated control 

25 groups. Although the fecal score had the highest incidence, there was no 
significant difference between Group 1 and Groups 3 and 4, P=0.75, P=0,59, 
respectively. Likewise, clinical nostril scores were not significant. The 
comparison between Group 1 and Group 3 had P values greater than 0.8. The 
p value for the comparison between Group 1 and Group 4 was 0.02, with 

30 Group 4 having the higher incidence. None of the other clinical parameters 
showed a significant rate of occurrence. 

The post-vaccination serological results indicate that the vaccine 
dosage successfully immunized the treated animals. At 14 DPV, Group 1 had 
48% testing positive by the IPT assay. Seven days later at 21 DPV, 100% of 

35 the treatment group tested positive by IPT. Group 1 remained negative for 
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serum neutralizing (SN) antibody up to 28 DPV. All pigs in Group 1 remained 
serologically positive by both assays up to the time of challenge at 1 1 0 DPV. 
Pigs of Groups 3 and 4 remained serologically negative throughout the post- 
vaccination period. 

5 The post-vaccination virus isolation results indicated that 100% 

of the treatment group were successfully inoculated. This supports the 
serological data previously described. Both control groups 3 and 4 remained 
negative for the duration of the post-vaccination observation period. 

The post-vaccination observations indicate that the treatments did 
1 0 not have any severe undesirable effects on the treated animals and the control 
animals remained free of PRRS virus. 

Following the challenge with virulent PRRS virus, various clinical 
parameters were monitored to evaluate the benefit of the vaccine treatment. 
The vaccinated group (Group 1) was compared with the non-vaccinated- 
15 challenged group (Group 3) and non-vaccinated-non-challenged group (Group 
4). 

The post-challenge serological results demonstrated that the level 
of challenge successfully stimulated an immune response in Group 3. Group 
1 did not experience an anamnestic antibody response following challenge with 

20 the virulent virus. The serological results indicated Group 4 remained negative 
throughout the observation period of 21 days. 

The most dramatic findings were the virus isolation results. One 
hundred percent of Group 3 tested positive at 3, 5 and 7 DPC and as late as 
21 DPC, 20% of this group were testing positive. Group 1 was negative at 0 

25 DPC and remained so throughout the 21-day observation period. An 
unexpected result was the positive isolation of PRRS virus from blood samples 
from Group 4. The first positive virus isolation from Group 4 occurred at 15 
DPC. This observation correlated with other parameters that will be discussed 
later. Even though Group 4 had come into contact with the PRRS virus, the 

30 data collected should still be considered valid since the apparent exposure took 
place during the latter third of the observation period and the primary interval 
of concern is from 1 DPC through 1 1 DPC. It is during this time that which the 
majority of the comparisons between Groups 1 and 3 were being made. The 
most important result was the apparent prevention of infection, as shown by 

35 lack of virus isolation in the vaccine treatment group. 
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The importance of the post-challenge clinical scores appear to be 
limiting in evaluating the effect of the vaccine treatment. Although clinical 
respiratory signs were observed in Groups 1 and 3, the signs were not evenly 
distributed. In the case of Group 1, two pigs accounted for 88% of the total 
5 score for the group. Likewise, two pigs in Group 3 accounted for 71 % of the 
group total score of 49. The total fecal score of Group 1 is significant when 
compared to the other groups. However, only 9 of 21 pigs were observed to 
have any clinical signs in this category and of the 9 pigs, 3 pigs accounted for 
over 55% of the total score for the group. No fecal scores were attributed to 

10 Group 3 and only 1 pig in Group 4 was observed to have clinical fecal signs. 
The clinical scores for nostrils and mouth may have limited importance without 
being associated with other parameters such as respiratory. The incidence of 
nostril observations was limited in both Groups 1 and 3 having less than 50% 
of each group having a score. The scores for mouth observations had a high 

1 5 incidence with 90% of Group 3 and 76% in Group 1 . There was no significant 
difference between these two groups for mouth clinical scores, P=0.45. All 
other clinical parameters were observed to be normal. 

During the post-challenge observation period, Group 1 gained an 
average of 42.62 pounds. Group 3 had an average weight gain of 36.5 pounds 

20 and Group 4 gained an average of 37.1 pounds. There was no significant 
difference between Groups 3 and 4, P=0.9, and this may have been a result of 
Group 4 having been accidentally exposed to the PRRS virus. However, this 
does not diminish the comparison of data between Group 1 and 3 because 
there was a statistically significant difference between those two groups. 

25 Evaluating performance of pigs over a time provides an excellent tool to 
evaluate the overall well being of these pigs. This data in conjunction with the 
other parameters indicate the benefit of the vaccine being tested in the face of 
an experimental challenge. 

The post-challenge temperatures demonstrated the benefit of the 

30 vaccine treatment in the face of an experimental challenge. The challenge 
control group, Group 3, had 8 days in which the group average temperature 
had at least a 1 °F rise over the pre-challenge average. Group 1 did not have 
group average rise of 1 °F at any time. Although Group 4 was contaminated 
with the PRRS virus, the group average temperature did not increase by a 

35 degree. This was due to the spread of the virus within the group being gradual 
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and not totally encompassing as compared to the experimental challenge. 
However, the analysis of individual pig temperatures from 15 DPC through 21 
DPC showed Group 4 pigs experiencing temperature rises following exposure 
to the PRRS virus. The analysis of the individual pig temperatures in Groups 
5 1 and 3 further emphasized the benefit of the vaccine treatment. Ten of 10 
pigs in Group 3 experienced a 1 °F rise on two consecutive days or more. In 
contrast, the pigs of Group 1 did not have comparable results. 

Further evidence of the efficacy of the vaccine was demonstrated 
by the results of the post-challenge WBC counts. Group 1's average WBC 

10 count decreased following challenge. Decreases of 14%, 19%, 14%, 21% and 
13% occurred on days 1, 3, 5, 7 and 9 following challenge, respectively. On 
the same test days, Group 3 had average decreases of 15%, 37%, 43%, 31% 
and 28%. Group 4, the non-challenge control group, experienced drops of 
between 1 1 % to 1 7% during the same time period. Analyses of the individual 

15 pigs 1 counts further substantiate the protection provided by the vaccine 
treatment. Ten of 10 pigs in Group 3 experienced a 25% drop or greater in 
WBC counts on two or more consecutive test days. Group 1 had 2 of 21 
experiencing leukopenia of 25% or greater on two consecutive days. The 
infected pigs of Group 4 experienced similar results to that of Group 3. The 

20 incidence of leukopenia became apparent as the spread of virus progressed 
through the group. Between 15 DPC and 21 DPC, 50% of the group 
experienced WBC count decreases of 25% on consecutive test days. These 
results indicate that the vaccinated pigs did not experience the leukopenia that 
the non-vaccinated pigs did. 

25 The analysis of the gross (macroscopic) observations of the lungs 

at 21 DPC were divided into parenchyma and pleura scores that were then 
combined for the total lung score. The analysis of the observations was made 
more difficult with the accidental PRRS virus exposure to the non-challenged 
control group, since a negative base line could not be developed. Thus it is 

30 necessary to limit the comparison between Group 1 and 3 since both groups 
had exposure to the same virus challenge and at the same time. The 
parenchyma scores for Group 3 were greater in severity with 4 of 10 pigs 
having individual scores of 200. The highest score in Group 1 was 100. Both 
the percentages of the treatment group affected and the severity of the 

35 parenchyma lesions were decreased with the vaccine treatment. Similarly, 
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vaccine treatment decreased the incidence and the severity of the pleural 
lesions. Group 1 had 24% (5 of 21) having pleural scores of 100; while Group 
3 had 50% (5 of 10) having pleura scores of 100. The majority of the pigs (9 
of 21) in Group 1 had incidental pleural scores of 15 or less. The correlation 
5 of the lung scores with respiratory problems was nonexistent. For example, 
one pig of Group 3 had clinical respiratory score 23 and a total lung score of 
287.5; while another Group 3 pig had clinical respiratory score of 0 and a total 
lung score of 300. There are several additional examples of the lack of 
correlation between the lung score clinical respiratory scores. Whether or not 
10 macroscopic observations are valid to analyze the beneficial effect of the 
vaccine, it can be concluded that the treatment group, Group 1 had fewer 
animals with lesions and the severity of those lesions was decreased. 

In conclusion, many of the parameters used to evaluate the effect 
of the vaccine in the face of an experimental challenge at 110 days post- 
15 vaccination correlated well with each other. During the period (3-9 DPC) in 
which viremia is the most evident, a significant leukopenia and a rise in body 
temperature occurred. At the time of challenge, the pigs were approximately 
20 weeks of age or 1 2 weeks older than the age of pigs challenged in Example 
3. Many of the clinical symptoms noted in this study were more severe. For 
20 example, the rise in body (rectal) temperature was elevated for 8 days in this 
study as compared to 5 days in the Immunogenicity Study. The severity of the 
leukopenia experienced by the non-vaccinated-challenged control group 
(Group 3) in this study was much more dramatic than by the challenge control 
group of the Immunogenicity Study. In the former study, the challenge control 
25 group experienced decreases in WBC counts of 43% to 27% (3-9 DPC). In the 
Immunogenicity Study, the challenge control group experienced decreases of 
15-21% from 2-9 DPC. The number of days in which viremia was detected 
during the post-challenge period (1-14 DPC) for the vaccinated challenged 
group of the Immunogenicity Study was 0 out of possible 110 days as 
30 compared to 45 of 1 1 0 days in the challenged control group in this study. Thus, 
the increase in the severity of the clinical signs was not entirely due to increase 
in the duration of viremia. 

The post-challenge results of this study demonstrated that 
vaccination with PRRS-MLV vaccine having the dosage level of 3.32 logs per 
35 2.0 ml provided protection against a challenge with virulent PRRS virus at 1 1 0 
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days post vaccination. They are: (1) The vaccinated animals were entirely 
negative for viremia during the 21 day post challenge observation period. (2) 
Apart from minor occurrences of respiratory, fecal, nasal and oral clinical signs, 
the vaccinated pigs were observed to be normal for clinical signs. (3) The 
weight gained by the vaccinated pigs was significantly greater than the amount 
gained by the non-vaccinated-challenged pigs. (4) The vaccinated pigs did not 
experience a notable rise in body temperature. (5) No remarkable decrease 
in the WBC counts occurred in the vaccinated pigs. (6) The occurrence and 
severity of parenchyma and pleura lesions were less in the vaccinated pigs. 

Example 5 

In this example, the PRRS-MLV passage 75 vaccine described 
in Examples 1 and 3 was tested to determine the onset of immunity. Seven 
days prior to initiation of the study, 35 pigs were tested for PRRS antibody 
using the Immunoperoxidase Test (IPT) and for the presence of PRRS virus in 
the blood stream by virus isolation on MA-104 cells. Ten pigs in Group 1 were 
vaccinated intramuscularly with 2.0 ml of PRRS-MLV passage 75 vaccine on 
trial day 0. Ten pigs in Group 2 were vaccinated in the same fashion on trial 
day 7. Ten pigs of Group 3 and 5 pigs of Group 4 were maintained in separate 
facilities, but in similar environmental conditions and served as non-vaccinated 
contemporary controls. Pigs in Groups 1, 2 and 3 were challenged on trial day 
14. The challenge inoculum, consisting of virulent PRRS virus (VR-2332, 
passage 3, 3.7 logs 10 virus per 1.0 ml), was administered intranasally (2.0 
ml/pig). Pigs of Group 4 remained unchallenged. All pigs were monitored for 
1 0 days for clinical signs of respiratory disease. All pigs were euthanized at the 
conclusion of the study for evaluation of lung lesions. 

At the time of challenge, the pigs of Group 1 were serologically 
positive by IPT assay but not for serum neutralizing activity. In contrast, all the 
other pigs including those in Group 2 were negative by both procedures. Fifty 
percent of Group 2 pigs tested positive by IPT at 7 DPC and 100% at 10 DPC. 
The pigs of Group 3 tested positive by IPT at 10 DPC. One pig from each of 
Groups 1 and 2 developed SN activity at 10 DPC and 7 DPC, respectively. 
The SN results are not significantly different at p=0.05 level. The results of this 
study demonstrated that protection was elicited as a consequence of the 
treatments even though the pigs at the time of challenge were either serologi- 
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cally negative or without serum neutralizing activity. Protection may not be 
directly linked to humoral immunity. Cell mediated immunity in response to 
vaccination with a modified live vaccine can play a major role in protection 
against a virulent challenge. 
5 In Example 4, the lack of viremia following challenge was an 

important criterion to demonstrate protection by vaccination. However, with the 
short period between vaccination and challenge in the present study the 
vaccinated animals had not resolved post-vaccination viremia. Also, since the 
challenge was a homologous challenge, it was not possible to differentiate the 

10 challenge virus from the vaccine virus. Four pigs of Group 1 and 1 pig from 
Group 2 tested negative for viremia for at least one test point from 3 DPC 
through 9 DPC. One hundred percent of Group 3 tested positive for viremia 
during the same time period. 

Unlike previous examples, the significant appearance of clinical 

15 respiratory signs were detected in this study. Group 3 had 9 of 10 animals 
experiencing respiratory difficulties on one or more days (average number of 
days equaled 3.6). The number of animals for Group 1 and 2 experiencing 
breathing difficulties for one or more days was one and zero, respectively (p 
<0.001). The incidence of clinical signs for nostrils was similar to that of 

20 respiratory signs. Group 3 had 8 of 1 0 experiencing clinical signs for nostrils 
on one or more days. The average duration of clinical signs was 3.1 days. In 
contrast, Group 1 and 2 were significantly different with average duration times 
of 1.3 days and 0.1 days, respectively (p<0.001). The occurrences of the 
remaining clinical parameters were uneventful. 

25 Both of the vaccinated groups gained more weight than the 

challenge control group. Group 2 gained an average of 10.6 pounds during the 
10 day observation period as compared to 7.8 pounds for Group 3 (p=0.01). 
The average gain for Group 1 was 9.6 pounds which was not significantly 
different compared to Group 3. This group had the two smallest pigs, which 

30 weighed 7 and 12.5 pounds, respectively, on trial day 0 and 6 and 12 pounds, 
respectively, at the time of challenge. The group average gain with the two 
smallest pigs removed is 12.3 pounds which is significantly different from 
Group 3 (P<0.001). The poor rate of gain by the two pigs may be attributed to 
their inability to compete with the larger pigs in the group. These pigs also 

35 experienced diarrhea during the post-challenge observation period. The pigs 
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in Group 4 had an average gain in weight of 15.2 pounds during the 10 day 
period. An average daily weight gain of between 1 .0 to 1 .5 pounds would be 
expected in pigs of this age. These results demonstrate that the vaccination 
treatment at 7 and 14 days preceding the challenge provided protection, which 
allowed for an expected growth rate. 

Following the challenge, the pigs of Group 3 had a sustained 
temperature rise of 1 °F over the pre-challenge average for an average of 4.6 
days. The average number of days that the pigs in Group 1 and 2 had a 
comparable temperature rise were 0.5 and 1.1 days, respectively (p<0.001). 
Only 1 of the 20 vaccinated pigs had 1°F rise on 2 consecutive days as 
compared to 8 of 10 in Group 3. The statistical difference between the 
vaccinates and controls was p <0.001 . These results demonstrated that the 
vaccine treatment of pigs in Group 1 and 2 prevented the occurrence of fever 
as the result of exposure to virulent PRRS virus. 

The pigs of Group 3 experienced dramatic reduction in white 
blood cell counts on 3, 5 and 7 DPC. These results closely paralleled the 
temperature rise that these animals experienced during the same period. The 
pigs of the vaccinated groups had a mild leukopenia lasting 1-2 days before 
returning to pre-challenge values. The values for the vaccinated pigs were 
significantly different from the challenge controls, (p=<0.001). These results 
emphasized the level of protection provided by the vaccine treatment at 7 or 14 
days before challenge by reducing the level and duration of leukopenia. 

The vaccine treatment at either 14 days or 7 days before 
challenge reduced the severity of lung lesions. Both vaccinated groups were 
significantly different from the challenge control group (P=0.01). The 
vaccinated scores are similar to those for Group 4, the normal control group. 
The average lung score for Group 3 was 97.1 compared to 9.3 and 7 for 
Groups 1 and 2, respectively. The lesions observed in the latter two groups are 
considered to be normal and expected occurrences in healthy conventionally 
raised pigs. 

The results in the present study demonstrated that protective 
immunity was stimulated within 7 days of vaccination with a modified live virus 
vaccine. Significant differences were observed in temperature response, 
weight gain, leukopenia, lung lesions and clinical signs following experimental 



WO 96/36356 



PCT/US96/06800 



-23- 

challenge in the vaccinated pigs when compared to the non vaccinated- 
challenged pigs. 

Example 6 

5 In this example, two groups (A and B) of 100 three-week old 

weaned pigs from a PRRS positive herd were vaccinated with either the PRRS- 
MLV passage 70 vaccine of Example 1 or a placebo (sterile water). Thirty pigs 
out of each treatment were monitored for adverse reactions by monitoring body 
temperature, weight gain and injection site reactions. These pigs and the 

10 remaining 70 pigs from each treatment group were also observed for signs of 
general health for 28 days following treatment. The results of this study 
demonstrate that the vaccine caused no side effects and is safe when used 
properly in a PRRS positive herd. 

The pre-vaccinations (-2 DPV) rectal temperatures indicated that 

1 5 the pigs used in this trial were not normal healthy pigs. Group A*s temperatures 
were significantly higher than those for Group B on trial days -2 and -1 
(P<0.05). There were no significant differences between the two groups on 
trial days 0, 1 , 2 and 3 (P<0.05). These results indicate that vaccination with 
the modified live PRRS vaccine did not exacerbate the conditions causing the 

20 existing elevated temperatures. 

No pigs from either group experienced any post treatment 
reaction at the site of inoculation. These results further demonstrate the safety 
of the vaccine when administered in an approved manner. 

During the 29 day period from trial days -2 through 27, the 30 pigs 

25 of Group A gained an average of 21.02 pounds and the 29 pigs of Group B 
gained an average of 18.18. This difference is significant at P<0.05. Since this 
trail was performed in the face of an active PRRS infection, the results are 
indicative of safety as well as efficacy. 

The results of the clinical observations indicate vaccination 

30 significantly reduces the incidence of several clinical parameters. The reduced 
parameters include appearance from 62 to 6, feces from 48 to 24, eyes from 
162 to 89, nostrils from 30 to 0, mouth from 30 to 0, appetite from 91 to 13, 
treatments from 37 to 14 and deaths 5 to 0. The decrease in the number of 
treatments received by Group 1 when compared to Group B was significant 

35 (P<0.05). The reduction of clinical sign provides further evidence that the 
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modified live PRRS vaccine is safe when used in a herd that is experiencing 
a clinical outbreak associated with PRRS virus. 

In conclusion, the vaccine was demonstrated to be safe when 
properly used in a herd that is experiencing an active clinical disease 
associated with a PRRS infection. The vaccine did not intensify the clinical 
symptoms whether they be associated with the PRRS virus or with secondary 
pathogens known to be present in this swine operation. Under the conditions 
that exist at this test site, these results also indicated a beneficial effect in the 
treatment group receiving the vaccine. 

Example 7 

In this example, the effect of vaccination of 20 specific pathogen- 
free, mixed sex, Dutch landrace breed 5-week old piglets with a low dose of 
ATCC VR-2332 passage 75 vaccine (ATCC VR-2495) on the spread of 
Lelystad virus (LV) was determined. Wild strains of LV are believed important 
in predisposing pigs for secondary respiratory infections, causing bad 
performance and higher mortality rates. This example provides data regarding 
the effect of the vaccine on the transmission of the European antigenic type LV 
virus. 

The pigs were separated into two 1 0-pig groups, one experimen- 
tal group and one control group. Each experimental group pig was vaccinated 
intramuscularly with 2 ml of a diluted vaccine containing approximately 10 3 
TCID 50 of the ATCC VR-2332 passage 75 vaccine. Six weeks later, 5 animals 
from each group were challenged by intranasal inoculation with the wild type 
European strain of LV (Code CDI-NL-2.91, Ter Huurne, 5th Passage on 
Porcine alveolar macrophages) using a challenge dose of 10 s 3 TCID S0 /2 ml. 
After 1 day, the challenged pigs were returned to their pens. 

The experiment tested whether, when and how many of the 
vaccinated and non-vaccinated pigs showed clinical disease or became 
viremic, and whether and how many of the contact-challenged penmates 
became infected with the Lelystad virus. The infection in the vaccinated and 
control group was then quantified and the transmission rates of the Lelystad 
virus in the vaccinated and control groups were calculated. For the vaccination 
to be successful, the severity and duration of disease and of viremia and the 
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transmission rate in the vaccinated group must be smaller than in the control 
group. 

This study, tested under the extreme conditions of low vaccine 
dose and heterologous challenge demonstrated the protective value of the 
5 vaccine. 

Vaccination reduced the clinical signs of disease after challenge. 
It significantly reduced the mean rectal temperature after challenge; it 
significantly reduced the number of days the challenged pigs were viremic; and 
it significantly reduced the height of viremia in the challenged pigs. Further- 

10 more, although transmission from direct-challenged to contact-challenged pigs 
did occur in all the pigs in the both the vaccinated and unvaccinated group, 
there was a significant difference in wild type LV transmission between the 
vaccinated and the unvaccinated group. 

Vaccination with a low dose of the American antigenic type PRRS 

15 vaccine ATCC VR-2332 passage 75, was therefore effective in conferring 
protection against challenged with the European antigenic wild type Lelystad 
virus. 

Example 8 

20 Commercial Scale Vaccine Production 

Fig. 1 depicts a process schematic diagram for use in producing 
commercial quantities of the live modified Master Seed Culture virus from 
Example 1. Process P10 begins with step P12, which is the sterilization of all 
containers. Sterilization is preferably conducted by irradiation, but may also be 

25 done thermally or chemically. The types of containers include inoculum flasks, 
e.g., 75 to 150 ml, five liter flasks, roller culture vessels/and steel air-agitation 
bioreactor vessels. 

Step P14 includes preparing expansion cultures of the host MA- 
104 cells. A stock of MA-104 cell line, at passage 58, is stored in liquid 

30 nitrogen and used to supply host cells for the viral culture through passage 78. 

Stock MA-104 cultures are grown in flasks ranging from about 75 ml to 150 ml 
in volume, and containing from 50 to 150 ml of medium. The medium 
preferably includes MEM mixed with 10% bovine or fetal calf serum and about 
30 micrograms per ml of neomycin. The sterile flasks and media are preferably 
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inoculated with about 1 ml of a prior-passage MA-1 04 culture, and incubated 
at from about 35°C to about 37°C for three to seven days. 

Expansion of the stock cell cultures preferably occurs from a 1 50 
ml flask to about 400-600 ml of media a ratio of 1 :5 (volume to volume). After 
about 4-7 days of incubation at about 35-37°C f this 400-600 ml of media may 
then be subcultured to a five liter flask filled with media. Alternatively, the 
inoculum may be applied at a 1:3.4 ratio to a roller culture having about 670 to 
850 cm 2 of growth area and 150 ml of medium, which is then subcultured to 
other roller culture vessels at a ratio of from about 1:9 to 1:11. The subcultures 
are incubated for about 4-7 days at about 35-37°C. 

Step P1 6 includes preparing production cultures of virally-infected 
MA-104 cells. The expansion cultures of step P14 are typically further 
expanded to larger volume bioreactor vessels at a ratio of from about 1:3 to 
about 1:5 (volume to volume). The production vessels may include, for 
example, the five liter flasks of the expansion cultures or 40 liter stainless steel 
culture vessels equipped with an air lift agitator, temperature control, and pH 
control. The vessel is filled with an appropriate amount of growth medium, 
inoculated with MA-104 cells, incubated at about 35°C for 4 to 7 days, and 
infected with the Master Seed Culture virus of Example 1. This virus will 
preferably have a titer of at least about 10 6 TCID 50 per ml by CPE, and will be 
added to the production vessel cultures at a ratio of at least about 0.1 to 10 ml 
to 100 ml of media. The production cultures are incubated at about 35°C to 
about 37°C for 2 to 3 days after infection with the attenuated virus. 

Step P1 8 includes harvesting the production cultures of step P16 
after the post-infection incubation period. The proper time for bulk harvest 
should be determined by observations of CPE as indicated by about 10% 
macroscopic changes (rounded cells and cell sheet degradation) or 10% pH 
change. The production culture of step P16 is harvested under a laminar flow 
hood by pouring into a sterile container, or through a closed harvest system 
under positive pressure. The bulk harvested virus is frozen and stored at a 
temperature from about -40°C to about -70°C. 

Aliquots are obtained for quality control measurements, as 
required. Samples of each bulk harvest are tested in thioglycolate and 
soybean casein digest media, which is incubated at about 36°C and 20°C, 
respectively, for 14 days at each temperature. This seed virus is used to 
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spawn subsequent cultures if testing indicates a titer of at least about 10 5 
TCID 50 /ml by CPE. Unsatisfactory material is sterilized with 5% sodium 
hypochlorite for 24 hours or autoclaved. 

Steps P20 includes stabilizing and lyophilizing the bulk frozen 
5 virus obtained in step P18. The bulk frozen virus is thawed, and preferably 
mixed with a pharmacologically compatible stabilizer, such as a conventional 
sucrose gelatin stabilizer, in a ratio of about three parts of thawed Master Seed 
Culture to about one part of stabilizer. Physiological saline may be added to 
adjust the final virus concentration. 

10 The mixture is then divided into subvolumes of doses of about 

0.28 ml of fluid each, with each dose including about 0.20 ml of PRRS culture 
per dose at a minimum titer of 1 0 4 9 TCID 50 per dose. It is here noted that the 
preferred amount of stabilized production culture that results from steps P16, 
P1 8 f and P20 will be sufficient to yield between 1 50,000 and 500,000 stabilized 

15 doses. By way of example, 25 doses would comprise approximately 7.0 ml 
subvolume. These subvolumes are plug frozen, preferably, in liquid nitrogen. 
The drying chamber is held under vacuum while the temperature is raised to 
a maximum of about 30 °C, and the subvolume is held for a maximum of 18 
hours to sublime moisture in the sample. 

20 Step P22 includes continuous monitoring of the vaccine product 

that results from step P20. A container of final samples or a serial of a single 
batch of PRRS vaccine is spot-checked to assure that moisture contents fall 
below 5%. Serials with moisture contents greater than 4% or less than 1% will 
be tested for potency at six month intervals. As a safety measure, Guinea pigs 

25 are injected with the weight equivalent of 10 doses of vaccine, and observed 
over 21 days for untoward signs of clinical reaction. 

The VR-2332 virus was also cold-adapted in parallel with the 
attenuation described in Example 1. This was done in order to develop a 
vaccine strain that prevented shedding of the virus by infected animals. Such 

30 cold adaptation was carried out by successive passages at a temperature of 
31-35°C. The resultant strains would also stimulate an immune response. 
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Claims : 

1. A virally pure culture of porcine reproductive and 
respiratory syndrome virus, said culture being capable of infecting swine with 
porcine reproductive and respiratory syndrome disease. 

5 

2. The culture as set forth in Claim 1, said virus including 
ATCC-VR2332, together with all pathogenic mutants thereof. 

3. A vaccine composition comprising live porcine reproductive 
10 and respiratory syndrome virus in a modified and substantially avirulent form. 

4. The composition as set forth in Claim 3, said virus 
including ATCC-VR2495. 

15 5. The composition as set forth in Claim 4, further including 

said virus mixed with a pharmacologically compatible carrier agent. 

6. The composition as set forth in Claim 5, said carrier agent 
including sucrose gelatin stabilizer. 

20 

7. A method of immunizing swine against porcine reproduc- 
tive and respiratory syndrome, said method comprising the step of administer- 
ing to swine a vaccine composition including a live porcine reproductive and 
respiratory syndrome virus ATCC-VR2332 in a modified and substantially 

25 avirulent form. 

8. A method of growing and isolating forms of porcine 
reproductive and respiratory syndrome virus, said method comprising the steps 
of inoculating said virus on simian cells in the presence of serum in a suitable 

30 growth medium, and incubating the inoculated cells. 

9. The method as recited in Claim 8, wherein said simian cell 
line is MA-104. 
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10. A method of producing commercial quantities of PRRS 
vaccine, comprising the steps of: 

preparing a production culture of a substantially avirulent form of the 
ATCC-VR2332 virus; 
5 harvesting the virus culture; 

adding a stabilizing agent to the virus culture; and 
lyophilizing the virus culture. 

11. The method as set forth in Claim 10, wherein the step of 
1 0 preparing includes infecting a simian cell line with said virus, and incubating the 

resultant culture at a temperature of from about 35°C to about 37°C. 

12. The method as set forth in Claim 10, wherein the step of 
harvesting includes freezing the virus culture. 

15 

13. The method as set forth in Claim 1 0, wherein the step of 
adding includes mixing about one part of sucrose gelatin stabilizer with about 
three parts of the virus culture. 

20 14. The method as set forth in Claim 10, wherein the step of 

lyophilizing includes subliming moisture from a frozen sample of the virus 
culture. 

15. The method as set forth in Claim 10, wherein said culture 
25 includes a serial volume of from 1 50,000 to 500,000 doses of 0.28 ml per dose. 

16. The method as set forth in Claim 15 further including 
subdividing the serial volume prior to the step of lyophilizing. 

17. The method as set forth in Claim 10, wherein said 
substantially avirulent virus is ATCC 2495 virus. 

18. A vaccine produced according to the method of Claim 1 0. 
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